Most of the current therapeutic approaches for chronic hepatitis B virus (HBV) infection focus on the RNA-dependent DNA polymerase as a target molecule for inhibiting HBV replication. A new nucleoside analogue, lamivudine [(-) 2′-deoxy-3′-thiacytidine], appears to be a potent inhibitor of the DNA polymerase, and is under clinical use. Although treatments with lamivudine for chronic hepatitis B show a rapid decline of HBV DNA levels in serum, prolonged treatments often result in the emergence of lamivudene-resistant HBV.
These mutations are mainly identified after several months of lamivudine treatment with a re-elevation of serum HBV DNA and the transaminase levels. The identification of a mutation at the early stage is crucial for an effective treatment, and has thus been carried out either by a nucleotide sequencing or polymerase chain reaction (PCR)-based analyses. 3 We have recently proposed a promising method for SNPs detection in targeted DNA sequences using reverse micelles with non-labeled DNA by simply monitoring the change in the UV absorbance at 260 nm. 4, 5 In the present study, this novel method was applied to detect single-nucleotide substitution within a model 40-mer oligonucleotide corresponding to the mutation found in the YMDD motif upon long-term administration of lamivudine. We additionally tested the applicability of this technique to multi-sample detection with a 96-well micro-plate format.
Materials and Methods

Reagents
Sodium di-2-ethylhexyl sulfosuccinate (AOT) was obtained from Kishida Chemical Co. (Japan). All other chemicals were obtained from commercial suppliers, and were of the highest purity available. The probe and target oligonucleotides (P1 and T1 -T5, respectively) were designed based on the DNA sequences around the mutation site of the YMDD motif ( Table  1 ). All of the oligonucleotides were obtained from Hokkaido System Science Co. Ltd. (Sapporo, Japan).
Experimental procedures
Each oligonucleotide was dissolved in a 10 mM (1 M = 1 mol dm -3 ) Tris-HCl buffer (pH 7.0, containing 1 mM EDTA). The concentrations were adjusted to 198 µM by measuring the absorbance at 260 nm. A reverse-micellar solution containing a single-stranded oligonucleotide was prepared by directly injecting 9 µl of the probe aqueous solution (198 µM) into 1 ml of a 50 mM AOT/isooctane solution.
The targeted oligonucleotide solution (9 µl) was then injected into the reverse micellar-solution in the same way to initiate DNA hybridization at 15˚C. The final W0 value (i.e. the molar ratio of water to AOT in the system: [H2O]/[AOT]) was set to be 20. The apparent concentration of each oligonucleotide was 1.75 µM, based on the total volume. DNA hybridization in reverse micelles was monitored by the absorbance change at 260 nm and 15˚C using a UV-vis spectrophotometer (JASCO Vbest-570).
In a high-throughput experiment, a 96-well glass plate was employed for the use of an organic solvent. The glass plate was specially prepared by Nippon Sheet Glass Co., Ltd. A 100 µl portion of a 50 mM AOT/isooctane solution was filled in the first line of the 96-well micro-plate, then, a 1.0 µl of the P1 oligonucleotide solution was added to the 6 wells in the first line of the glass plate. Furthermore, a target oligonucleotide solution of T1 to T5, listed in Table 1 , was added to each well in the same way. The apparent concentration of each oligonucleotide was 2.0 µM, based on the total solution volume, and the water content (W0) in the reverse micelles was set to be 20. The UV measurement was carried out after thoroughly mixing the solutions in the instrument for 10 min at room temperature (at around 25˚C). The decrease in the absorbance at 260 nm was detected with time by a micro-plate reader (Power Wave X: BIO-TEK Instruments INC.).
Data analysis
Following the change in the absorbance at 260 nm with time and data acquisition, the difference in the absorbance between the maximum and the minimum values observed during 1-h of hybridization was normalized by those obtained with a fullmatched pair as unity. The relative difference in the absorbance was used to evaluate the mutation detection. Figure 1 is a schematic representation of DNA hybridization in reverse micelles. In reverse micelles, it appeared that DNA hybridization is markedly retarded, which facilitates direct monitoring of that process by simply following the UV absorbance change. 4, 5 Based on this new concept, we first investigated DNA hybridization between full-matched (P1 and T1) or mismatched (P1 and T2 -5) base pairs (Table 1 ) using a UV-visible spectrophotometer. Figure 2A shows the time courses of hybridization of P1 with the targets. One can see from the figure that an absorbance change between the full-and the mismatched pairs is evident after 1-h hybridization. The relative changes in the absorbance depicted in Fig. 2B thus clearly shows the potential of reverse micelles to distinguish normal and mutated HBV genes at the level of single nucleotide substitution. It is worth noting that the ability of reverse micelles in discrimination seems to be dependent on the type of mismatched bases. With respect to the single nucleotide substitution at the same position (P1 and T3 -5), a C-C (P1-T5) mismatch was likely to be unstable, rather than both C-A (P1-T3) and C-T (P1-T4) mismatches (Fig. 2B ). Based on a report corresponding the nearest neighbor base pair parameters, 6 the stability of the C-A and C-T mismatches is higher than that of the C-C mismatch. Therefore, the order of the hybridization rates in the five different samples is considered to be reasonable. These results indicate that nanostructured reverse micelles enable us to detect single-base mutations in the YMDD motif without labeling or immobilizing DNA probes, which is usually required for DNA chip technology.
Results and Discussion
Finally, we extended this new methodology to highthroughput manipulation. For that purpose, we employed a commercially available 96-well micro-plate reader with UV detection. The results are summarized in Fig. 3 . Under the 1610 ANALYTICAL SCIENCES NOVEMBER 2004, VOL. 20 Table 1 Oligonucleotide sequences of the targets and the probe tested in this study a. T1 oligonucleotide has the complementary sequence for P1 (YMDD motif of HBV is underlined). The single nucleotide substitutions in T2 to T5 are shown as a bold, underlined character. (A) (B)
optimized conditions described in the experimental section, we could detect the difference between the full-matched and the mismatched targets by measuring the absorbance change observed in a 96-well format (Fig. 3A) . Although the relative changes in absorbance between the full-matched and mismatched DNAs could be distinguished (Fig. 3B) , the discrimination between mismatched targets (T2 -5) became impossible in contrast to the results in Fig. 2B . It should be noted that the absorbance with the micro-plate reader was reduced to around one third of that with the ordinary UV-vis spectrophotometer. Therefore, the absorbance differences among the mutations (T2 -T5) will be lowered. In highthroughput analysis, we need to overcome the following defects: evaporation of the organic solvent during the measurements, resulting in gradually increasing the concentration of the sample DNA, and the mixing conditions of reverse micellar solutions in a 96-well plate format. The former may increase the degree of a duplex, but influence the reproducibility of the analysis. With respect to the latter, insufficient mixing in a 96-well plate may also be reflected to the extended time that was required to reach the equilibrium (note that the x-axis of Fig. 3A starts from after 10-min equilibration). However, these defects mainly rely on the setting of the apparatus, and can be technically overcome.
In conclusion, an accurate detection of a YMDD mutant of HBV has been demonstrated using a unique system consisting of reverse micelles. In addition to the original procedure using a UV-vis spectrophotometer, a 96-well micro-plate format could be applied to at least distinguish a normal gene from a mutated one. Since the technique is rather simple, the reverse-micellar assay system is applicable for a high-throughput SNPs detection with a non-labeled intact DNA sample.
